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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to the field of electrical interconnection 
(contact) elements, and, more particularly, to interconnection elements and tip 
5 structures suitable for effecting pressure connections between electronic components. 
Description of the Related Art 

Generally, interconnections between electronic components can be classified 
into the two broad categories of "relatively permanent" and "readily demountable". An 
example of a relatively permanent connection is a solder joint. Once two electronic 

.JTSit, 

yiO components are soldered to one another, a process of unsoldering must be used to 
}^ separate the components. A wire bond, such as between a semiconductor die and the 

- S*j 

inner leads of a semiconductor package (or the inner ends of lead frame fingers) is 
|=i another example of a relatively permanent connection. 

f ^ One example of a readily demountable connection is rigid pins of one electronic 

U!j15 component being received by resilient\ socket elements of another electronic 
1^ component. The socket elements exert a contact force (pressure) on the pins in an 
amount sufficient to ensure a reliable electrical connection therebetween. Another type 
of readily demountable connection are intercorViection elements (also referred to herein 
as springs, spring elements, spring contacts \or spring contact elements) that are 
20 themselves resilient, springy, or mounted in andAr on a spring medium. An example of 
such a spring contact element is a needle of a orobe card component. Such spring 
contact elements are typically intended to effedt temporary pressure connections 



between a component to which they ar^^ounted and terminals of another component, 
such as a semiconductor device under tes\ 
I Tip Structures are often mounted (or affixed or coupled) to one end of an 
^( / interconnection element. Tip structures provide a desired tip shape to the 
5 interconnection elements and are particularly useful in providing a small area contact 
with a controlled geometry that creates a repeatable high pressure. Tip structures 
become increasingly critical as the interconnection elements themselves become 
smaller and smaller. A tip structure may also have topological features on its surface to 
assist in providing an electrical contact between the two electrical components. For 
po example, the purpose of the tip structure is typically to break through the nonconductive 
layer (often corrosion, oxidation products, or other types of contaminated films) on the 
v:j terminals of the electrical component under test. As a contact force is applied, the 
interconnection element applies a pressure to the terminal of the electronic component 
under test and causes the tip structure to deflect across the terminal. This small 
horizontal movement of the tip structure across the surface of the corresponding 
terminal allows the tip structure to penetrate the nonconductive layer on the terminal, 
thereby establishing a good electrical contact between the two electronic components. 
For example, tip structure 10 mounted to interconnection element 12 (shown in Figures 
1A and IB) has a blade 14 that scrapes aside the non-conductive layer in order to 
20 achieve an electrical contact. 

There are a number of problems a^ociated with achieving the above-described 
electrical contact. First, as the terminal coriWct areas also get smaller, the horizontal 
movement of the tip structure 10 becomes an issue. Second, as the tip structure 10 is 



forced to deflect across the terminal (see Figure 1B), it may also be forced down and 
away from the terminal causing the blade 14 of the tip structure 10 to rotate away from 
the terminal as the tip structure 10 deflects across the terminal. The rotation of the 
blade 14 away from the terminal of the electronic component under test reduces the 
chances of the tip structure achieving a dependable electrical contact with the terminal 
of the electronic component. Further, as the tip structure scrapes across the non- 
conductive surface of the terminal in an effort to penetrate the nonconductive surface 
and establish a good electrical contact, stray panicles and buildup often occur along the 
blade 14 and upper surface of the tip structure TiO. This buildup may contribute to high 
contact resistance between the tip structure and the terminal, which may cause 
inaccurate voltage levels during device testing due to the voltage produced across the 
tip structure. The inaccurate voltage levels may\cause a device to incorrectly fail, 
resulting in lower test yields when the contact is useqin a device testing environment. 

Thus, an interconnection element and tip structure that minimize buildup along 
the blade of the tip structure and maximize contact pressure between the tip structure 
and the terminal of the electronic component under test as the tip structure deflects 
across the surface of the terminal is desired. 



SUMMARY OF THE INVENTION 

An apparatus and method providing improved interconnection elements and tip 
structures for effecting pressure connections between terminals of electronic 
components is described. The tip structure of the present invention has a sharpened 
blade oriented on the upper surface of the tip structure such that the length of the blade 
is substantially parallel to the direction of horizontal movement of the tip structure as the 
tip structure deflects across the terminal of an electronic component. In this manner, 
the sharpened substantially parallel oriented blade slices cleanly through any non- 
conductive layer(s) on the surface of the terminal and provides a reliable electrical 
connection between the interconnection element and the terminal of the electrical 
component. 
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DESCRIPTION OF THE DRAWINGS 

Figure 1A is a side view of an interconnection element and tip structure known in 
the prior art. 

Figure 1B is a side view of an interconnection element and tip structure, known in 
the prior art, under deflection. 

Figure 2A is a side view of an interconnection element and tip structure of the 
present invention. 

Figure 2B is a pictorial illustration of one embodiment of a tip structure of the 
present invention 

Figure 2C is a side view showing an interconnection element and tip structure of 
the present invention under deflection. 

Figure 2D is a side view of an alternative embodiment of the present invention 
showing an interconnection element having a substantially parallel oriented blade at one 
end. 

Figure 3A is a cross-sectional view of an elongate interconnection element. 

Figure 3B is a cross-sectional view of an elongate interconnection element. 

Figure 3C is a cross-sectional view of an elongate interconnection element. 

Figure 4A is a pictorial illustration of a generalized embodiment of the invention, 
showing prefabricated contact tip structures and the interconnection elements to which 
they will be joined. 

Figure 48 is a cross-sectional side view of the contact tip structures of Figure 4A 
joined by brazing to the interconnection elements of Figure 4A. 



Figure 4C is a cross-sectional side view of the contact tip structures of Figure 4A 
joined by brazing to tlie interconnection elements of Figure 1A, after the sacrificial 
substrate is removed. 

Figures 5A - 5C are cross-sectional views of steps in a process of manufacturing 
cantilevered tip structures on a sacrificial substrate for interconnection elements, 
according to an embodiment of the invention. 

Figure 5D is a pictorial illustration of an embodiment of a cantilevered tip structure 
formed on a sacrificial substrate, according to an invention. 

Figure 5E is a pictorial illustration of a second embodiment of a cantilevered tip 
structure formed on a sacrificial substrate, according to an invention. 

Figure 5F is a side-view showing the cantilevered tip structure of Figure 5E 
mounted to a raised interconnection element on a surface of an electronic component. 

Figure 5G is a front view of the cantilevered tip structure of Figure 5E mounted to a 
raised interconnection element on a surface of an electronic component. 

Figure 5H is a cross-sectional \Aew of a cantilevered tip structure mounted to a 
raised interconnection element illustrated m Figure 5D. 

Figure 51 is a side cross-sectional view of another embodiment of fabricating 
cantilevered tip structures, according to an alternate embodiment of the present invention. 

Figure 5 J is a front cross-sectional view of the embodiment illustrated in Figure 51. 

Figure 5K is a side cross-sectional view of the cantilevered tip structure illustrated 
in Figures 51 and 5J and mounted to an electronic component, according to an alternate 
embodiment of the present invention. 



Figure 6A is a pictorial illustration of a tip structure of the present invention having 
a blade having pyramidal edges. 

Figure 6B is a pictorial illustration of a tip structure of the present invention having 
diamond shaped edges. 

Figure 7A is a top view of a tip structure of the present invention having two 
blades. 

Figure 7B is a cross-sectional view of a tip structure of the present invention 
having two blades joined by a bridge. 

Figure 7C is a cross-sectional view of a tip structure of the present invention 
having two blades in a juxtaposed position. 

Figure 8A is a pictorial illustration of a tip structure of the present invention having 
a blade with a primary blade and a trailing blade. 

Figure 8B is a cross-sectional view of the tip structure of Figure 8A. 

Figure 9A is a cross-sectional view of a tip structure and substantially parallel 
oriented blade of the present invention affixed to Cobra style probes. 

Figure 9B is a cross-sectional view of Cobra style probes having a substantially 
parallel oriented blade at one end. 

Figure 10 is a pictorial illustration of a tip structure of the present invention having a 
stand-off blade. 

DETAILED DESCRIPTION OF THE INVENTION 

An apparatus and method that provides improved interconnection elements and tip 
structures suitable for effecting pressure connections between terminals of electronic 
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components is described. In the following description, numerous specific details are set 
forth such as material types, dimensions, processing steps, etc., in order to provide a 
more thorough understanding of the present invention. However, it will be obvious to one 
of skill in the art that the invention may be practiced without these specific details. In 
other instances, well-known elements and processing techniques have not been shown in 
particular detail in order to avoid unnecessarily obscuring the present invention. Further, 
although the present invention is discussed with respect to use as a needle of a probe 
card component that provides an electrical connection between the probe card and a 
terminal of an electrical component under test, the present invention is not limited to use 
in a probe card and may be used to provide electrical connections between other 
electrical components under other circumstances. 



Overview of Present Invention 
As previously discussed, there are a number of problems associated with using 
the interconnection elements and tip structures currently known in the art to achieve a 
good electrical contact between two electronic components. The present invention 
addresses these problems by providing an interconnection element having a tip 
structure with a sharpened blade oriented on the upper surface of the tip structure such 
that the length of the blade runs substantially parallel (within approximately ±15"* of 
parallel) to the direction of horizontal movement of the tip structure as the tip structure 
deflects across the terminal of the electronic component under test. Through use of the 
present invention, a reliable electrical contact is established between the electronic 
components. Once the tip structure contacts the terminal of the electronic component. 
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the interconnection element forces the tip structure to deflect across the surface of the 
terminal such that the tip structure blade slices through (penetrates) the non-conductive 
layer(s) on the surface of the terminal. The electronic component may be an integrated 
circuit, an interconnect board, a semiconductor wafer, or a printed circuit board. 
5 Figure 2A is a side view of the present invention, showing a spring contact 

element 24 coupled to a substrate 26 at one end and having a tip structure 20 coupled 
thereto at an opposite end. Figure 2B is a pictorial illustration of the tip structure 20 of 
the present invention, having a blade 22 on the upper surface of the tip structure 20. In 
this embodiment of the present invention, the blade 22 comprises a contact element 
10 whose faces when extended form a line in space. When the tip structure 20 is placed 
in contact with a terminal of an electronic component (not shown) and a force is 
applied, the tip structure 20 will deflect across the surface of the terminal. As the tip 
structure 20 deflects across the terminal, the blade 22 of the tip structure 20 will 
penetrate the non-conductive layer on the surface of the terminal. Figure 2C is a side 



J;^15 view of the present invention. The dashed lines of Figure 2C show the interconnection 
IJ element 24 and tip structure 22 after the deflection across the terminal. AX represents 
the amount of lateral (or horizontal) deflection of the tip structure 20. 

The blade 22 is oriented on the upper surface of the tip structure 20 such that 
the length (L) of the blade is substantially parallel to the direction of horizontal 
20 movement (AX) of the tip structure 20 as the tip structure 20 deflects across the surface 
terminal (see Figure 2C). The orientation of the blade 22 substantially parallel to the 
direction of horizontal motion of the tip structure, allows the blade 22 to slice (or cut) 
through any non-conductive layer(s) on the surface of the terminal. 
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Figure 2D illustrates an alternative embodiment of the present invention, wherein 
the blade 26 is formed at the end of the spring contact element 28 itself, rather than 
being on a separate tip structure. In this manner, a substantially parallel oriented blade 
26 may be formed without a transferred tip structure (such as tip structure 20 in Figure 
2A). The blade 26 may be formed at the end of spring contact 28 by several methods 
including but not limited to a plating or machining process (such as the use of a stamp, 
swage, electropolish, or electro-static discharge). 

The orientation of the blade 22 on the upper surface of the tip structure 20 (or 
the blade 26 formed at the end of spring element 28) substantially parallel to the 
direction of the horizontal motion component of the tip structure 20 (hereinafter 
generally referred to as a parallel orientation) provides numerous advantages over prior 
art tip structures. First, the parallel orientation of the sharpened edge along the length 
(L) of the blade 22 allows the blade 22 to cut cleanly through the non-conductive layer 
on the terminal and establish a good electrical connection with the terminal of the 
electric component being tested. In contrast, the substantially perpendicular orientation 
of the blades of prior art tip structures (i.e. when the length of the blade is oriented on 
the upper surface of the tip structure substantially perpendicular to the direction of the 
horizontal motion component of the tip structure as the tip structure deflects across the 
surface of the terminal under test; for example, see blade 14 of Figures 1A and 1B) 
provides a scraping motion across the non-conductive layer. The prior art blade scrapes 
across the terminal surface much as a bulldozer scrapes aside a layer of dirt. The 
scraping motion of perpendicular oriented blades may damage the surface of the 
terminal, often causes significant wear and tear on the blades resulting in a short life 




-11 - 



span of the blades, and often results in a buildup of stray particles and the non- 
conductive layers along the blade. In contrast, the parallel oriented blade 22 of the 
present invention circumvents each of the above-described problems by following the 
direction of horizontal motion component of the tip structure and cleanly slicing through 
5 the non-conductive layer on the terminal. Further, there is minimal, if any, buildup along 
the surface of the blade 22 which results in a lower contact resistance between the tip 
structure and the terminal and produces more accurate voltage levels during testing. 

The parallel orientation of the blade 22 also provides a more reliable electrical 
connection with the terminal of the elecflronic component under test. As electronic 
10 component terminals become smaller, any movement by the blade becomes significant 

H \ 

as the possibility increases that any movement will move the blade outside of the 

\ 

terminal such that the blade will be unable to establish an electrical contact with the 
terminal. As shown in Figures 1B and 2C, tlae deflection of the tip structure (10, 20) 
across the terminal may depend on both the\interconnection element's material and 
J^15 shape. In one embodiment, the tip structure deflects along a substantially rotational 
l| path having both a lateral (or horizontal) and\a vertical component to the motion 
resulting in both a lateral deflection and a vertical aeflection as the tip structure (10, 20) 
is pushed down and away from the terminal. It (s possible, that the perpendicularly 
oriented blade 14 will be pushed outside of the terminal contact area as a result of the 
20 rotational movement of the tip structure 10. In contrast, as the tip structure 20 deflects 
across the terminal, even if part of the blade 22 is movled outside of the terminal contact 
area, the remaining length of the blade 22 (the trailina end) continues to be within the 
terminal contact area. Likewise, even as the front enqof blade 22 is forced to rotate 
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down and away from the termina contact area, the trailing end of the blade 22 will 
remain in contact with the terminal^urface. In this manner, the parallel oriented blade 
22 of the present inventor provides\a more reliable electrical connection (or interface) 
with the terminal of the electrical component under test. 

Components of the Present Invention 
The interconnection element and tip structure of the present invention may be 
manufactured by a variety of methods and from a variety of materials. The following 
methods of manufacturing and types of materials discussed are illustrative examples 
only and are not intended to limit the invention in any manner. Other methods and 
materials known in the art may also be followed and/or used. 
Interconnection Element 

Existing interconnection elements such as elongate and/or resilient interconnection 
elements may be used for the interconnection element of the present invention (element 
24 of Figure 2A). When using resilient interconnection elements, a composite 
interconnection element is one preferred form of contact structure (spring or spring-like 
element). Figures 3A - 3C illustrate various shapes commonly used for composite 
interconnection elements. The tip structures of the present invention may be used on any 
spring-like elements including those discussed herein below and those shown in U.S. 
Patent No. 5,476,211, issued on December 19, 1995, assigned to the assignee of the 
present invention, and which is incorporated herein by reference. 

In Figure 3A, an electrical interconnection element 310 includes a core 312 of a 
"soft" material (e.g., a material having a yield strength of less than 40,000 psi), and a shell 
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(overcoat) 314 of a "hard" material (e.g., a material having a yield strength of greater than 
80,000 psi). The core 312 is an elongate element shaped (configured) as a substantially 
straight cantilever beam, and may be a wire having a diameter of 0.0005-0.0030 inches. 
The shell 314 is applied over the already-shaped core 312 by any suitable process, such 
as by a suitable plating process (e.g., by electrochemical plating). It is generally 
preferred that the thickness of the shell (whether a single layer or a multi-layer 
overcoat) be thicker than the diameter of the wire being overcoated. By virtue of its 
"hardness", and by controlling its thickness (0.00025-0.02000 in.), the shell 314 imparts a 
desired resiliency to the overall interconnection element 310. In this manner, a resilient 
interconnection between electronic components (not shown) can be effected between the 
two ends 310a and 310b of the interconnection element 310. 

Figure 3A illustrates what is perhaps the simplest of spring shapes for an 
interconnection element of the presentX invention, namely, a straight cantilever beam 
oriented at an angle to a force "P applied at its tip 110b. When such a contact force 
(pressure) is applied by a terminal of\an electronic component to which the 
interconnection element is making a press\jre contact, the downward (as viewed) 
deflection of the tip will result in the tip moving across the terminal, in a "wiping" motion. 
Such a wiping contact ensures a reliable contact being made between the interconnection 
element and the contacted terminal of the electronic component. The deflection 
(resiliency) of the interconnection element in general is determined in part by the overall 
shape of the interconnection element, in part by the dominant (greater) yield strength of 
the overcoating material (versus that of the core), and Vi part by the thickness of the 
overcoating material. \ 




In Figure 3B, an electrical interconnection elennent 320 similarly includes a soft 
core 322 (compare 312) and a hard shell 324 (compare 314). In this example, the core 
322 is shaped to have two bends, and thus may be considered to be S-shaped. As in the 
example of Figure 3A, a resilient interconnection between electronic components (not 
5 shown) can be effected between the two ends 320a and 320b of the interconnection 
element 320. In contacting a terminal of an electronic component, the interconnection 
element 320 would be subjected to a contact force (pressure), as indicated by the arrow 
labeled "P. 

In Figure 3C, an electrical interconnection element 330 similarly includes a soft 
^^10 core 332 (compare 312) and a hard shell 334 (compare 314). In this example, the core 
332 is shaped to have one bend, and may be considered to be U-shaped. As in the 

3 

\i example of Figure 3A, a resilient interconnection between electronic components (not 
1?^ shown) can be effected between the two ends 330a and 330b of the interconnection 
element 330. In contacting a terminal of an electronic component, the interconnection 
2l5 element 330 could be subjected to a contact force (pressure), as indicated by the arrow 
^ labeled "P. Alternatively, the interconnection element 330 could be employed to make 
contact at other than its end 330b, as indicated by the arrow labeled "P". 

It should be understood that the soft core can readily be formed into any 
springable shape - in other words, a shape that will cause a resulting interconnection 
20 element to deflect resiliently in response to a force applied at its tip. For example, the 
core could be formed into a conventional coil shape. However, a coil shape would not be 
preferred, due to the overall length of the interconnection element and inductance (and 
the like) associated therewith and the adverse effect of same on circuitry operating at high 





frequencies (speeds). Likewise, tine core element need not have a round cross-section, 
but may rather be a flat tab ("ribbon") having a generally rectangular cross-section and 
extending from a sheet. Other non-circular cross-sections, such as C-shaped, l-shaped, 
L-shaped and T-shaped cross-sections, may also be used for the interconnection 
5 element. 

The material of the shell, or at least one layer of a multi-layer shell (described 
hereinbelow) has a significantly higher yield strength than the material of the core. 
Therefore, the shell overshadows the core in establishing the mechanical characteristics 
(e.g., resiliency) of the resulting interconnection structure. Ratios of shelhcore yield 
10 strengths are preferably at least 2:1, and may be as high as 10:1. It is also evident that 
Ji the shell, or at least an outer layer of a multi-layer shell should be electrically conductive, 

notably in cases where the shell covers the end of the core. 
Ji Suitable materials for the core (312, 322, 332) include, but are not limited to: gold, 

If" aluminum, copper, and their alloys. These materials are typically alloyed with small 
|ji15 amounts of other metals to obtain desired physical properties, such as with beryllium, 

If* 

Q cadmium, silicon, magnesium, and the like. It is also possible to use silver, palladium, 
C?^ platinum; metals or alloys such as metals of the platinum group of elements. Solder 
constituted from lead, tin, indium, bismuth, cadmium, antimony, and their alloys can be 
used. Generally, a wire of any material (e.g., gold) that is amenable to bonding (using 
20 temperature, pressure, and/or ultrasonic energy to effect the bonding) would be suitable 
for practicing the invention. It is within the scope of this invention that any material 
amenable to overcoating (e.g., plating), including non-metallic material, can be used for 
the core. 
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Suitable materials for the shell (314, 324, 334) include, but are not limited to: 
nickel, and its alloys; copper, cobalt, iron, and their alloys; gold (especially hard gold) and 
silver, both of which exhibit excellent current-carrying capabilities and good contact 
resistivity characteristics; elements of the platinum group; noble metals; semi-noble 
metals and their alloys, particularly elements of the platinum group and their alloys; 
tungsten and molybdenum. In cases where a solder-like finish is desired, tin, lead, 
bismuth, indium and their alloys can also be used. The technique selected for applying 
these coating materials over the various core materials set forth above will, of course, 
vary from application-to-application. Electroplating and electroless plating are generally 
preferred techniques. 

Another type of electrical interconnection element that may be used with the 
present invention is a resilient interconnection element that is formed lithographically. An 
oriented blade of the invention may be formed on a contact end of a lithographically 
formed resilient interconnection element. In one example of the invention, an oriented 
blade may be formed on a sacrificial substrate and then transferred to a contact end of a 
lithographically formed resilient interconnection element. 

The interconnection elements of the present invention (element 24 of FIGS.2A- 
2D) can generally be fabricated upon, or mounted to, any suitable surface of any 
suitable substrate, including sacrificial substrates, then either removed therefrom or 
mounted to terminals of electronic components. 
Coupling Interconnection Elements to Tip Structures 

Figure 4A illustrates a generalized embodiment 400 of the invention wherein a 
plurality (four of many shown) of contact tip structures 402 have been pre-fabricated upon 
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a support (sacrificial) substrate 404, in a manner described hereinbelow. A 
corresponding plurality (four of nnany shown) of interconnection elements 406 are shown 
in preparation for having their free ends 406a joined to the contact tip structures 402 (or 
vise-versa). The free ends 406a of the elongate interconnection elements 406 are distant 
(distal) from opposite ends (not shown) of the elongate interconnection elements 406 
which typically would extend from a surface of an electronic component (not shown) such 
as a semiconductor device, a multilayer substrate, a semiconductor package, etc. 

Figure 4B illustrates, in side view, a next step of joining the contact tip structures 
402 to the elongate interconnection elements 406 by brazing. A resulting braze fillet 408 
is illustrated. The contact tip structures 402 are still resident on the sacrificial substrate 
404 in their prescribed spatial relationship with one another. Figure 4B is also illustrative 
of the contact tip structures 402 being joined to the elongate interconnection elements 
with conductive adhesive (e.g., silver-filled epoxy) or the like. An alternate method of 
joining the contact tip structures 402 to the elongate interconnection elements 406 is by 
overcoating at least the junction of the contact tip structures 402 and adjacent end 
portions of the elongate interconnection elements 406 with a metallic material such as 
nickel, by plating. 

Figure 4C illustrates, in a side view, a subsequent step, wherein, after joining the 
contact tip structures 402 to the elongate interconnection elements 406, the support 
(sacrificial) substrate 404 is removed. The resulting "tipped" interconnection element 406 
(as used herein, a "tipped" interconnection element is an interconnection element which 
has had a separate contact tip structure joined thereto) is shown as having had a contact 
tip structure 402 brazed (408) thereto, in the manner described with respect to Figure 4B. 



In the embodiments described herein of forming free-standing interconnection 
elements (either by themselves, or upon prefabricated tip structures) on sacrificial 
substrates, the discussion has generally been directed to bonding an end of the 
interconnection element (or, in the case of a composite interconnection element, bonding 
an elongate core) to a sacrificial substrate. It is within the scope of this invention that 
instrumentalities (techniques) other than bonding can be employed. 
Tip Structures 

Figures 5A-5H illustrate a technique 500 for fabricating tip structures having a 
parallel oriented blade and mounting same to interconnection elements which may serve 
as terminals of electronic components, and Figures 5I-5K illustrate an alternate technique 
550 employing such tip structures. These techniques are particularly well suited to 
ultimately mounting freestanding interconnection elements to electronic components such 
as semiconductor devices, space transformer substrates of probe card assemblies, and 
the like. 

Figure 5A illustrates a sacrificiaKsubstrate 502, such as a wafer of monocrystalline 
silicon, into a surface of which a pluralit\ (one of many shown) trenches 504 are etched. 
A patterned masking layer, such as a photoresist (not shown), is first patterned on the 
substrate 50 to define the length and widtii of the trench 504. Next, the trench 504 is 
formed in the substrate 504. In the preferred embodiment, a potassium hydroxide (KOH) 
selective etch is performed between the 1 1 1 anckOOl crystal orientation. 

Note that methods other than a KOH selective etch may be used to form the 
trench 504 used to form the blades of the present invention. For example, the trenches 
may also be formed with a reactive ion etch (RIE). Further, non-lithographic methods 
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may also be employed, including but not limited to polishing (both electro-polishing and 
mechanical polishing) stamping, or abrading the tip structures. Combinations of straight 
walled and trenched structures may also be produced by combining different etching 
techniques. Such combinations may be desirable to create stand-off structures such as 
5 the one illustrated in Figure 10. As with the tip structures discussed herein above, tip 
structure 980 is comprised of a tip base 982 and tip blade 984. Tip structure 980, 
however, also includes a straight-walled section 986 that provides the stand-off distance 
(D) for the tip structure 980. 

The preferred embodiment comprises a tip structure with a blade on the upper 

'yiO surface, wherein the blade has a sharpened edge along the length of the blade and a 

M 

triangular cross-section. However, the trenches 504 are merely illustrative of any surface 

y texture 'template' for the tip structures which will be fabricated on the sacrificial substrate 

^ - 

fc^ 502. The layout (spacing and arrangement) of the trenches 504 can be derived from 
(replicate) the bond pad layout of a semiconductor die (not shown) which is ultimately (in 
use) intended to be contacted (e.g., probed) by free-standing interconnection elements to 

■S 

^ which the tip structures 504 are ultimately attached. For example, the trenches 504 can 
be arranged in a row, single file, down the center of the sacrificial substrate. Many 
memory chips, for example, are fabricated with a central row of bond pads. 

Figure 5B illustrates that a hard "field" layer 506 has been deposited upon the 
20 surface of the sacrificial substrate 502, including into the trenches 504. The field layer 
506 will serve as a release layer. One possible release layer is comprised of aluminum 
having an approximate thickness of 5000A. Another layer 508 can optionally be 
deposited over the field layer 506, if the field layer is of a material which is not amenable 




to plating. Typically, layer 508 is comprised of copper having an approximate thickness of 
5000A. (If the layer 506 is difficult to remove, it may be applied by selective deposition 



(e.g., patterning through a mask), to avoid such removal.) After the contact structures are 



fabricated within the trench (see below), the sacrificial substrate 502 may be removed by 



5 any suitable process, such as by selective chemical etching. 



Note also, however, that in addition to a chemical etchant, appropriate metallurgy 



can be used in conjunction with heat to release the sacrificial substrate 502. For 



example, in one embodiment of the present invention, layer 506 comprises a non- 



wettable material such as tungsten (or titanium tungsten) deposited on the substrate 502 
1^10 by means such as sputtering. Next, the thin layer 508 is deposited comprising a non- 
14 wetting material such as plateabie lead (or indium) onto the tungsten layer 506. Then, 

m 

y after the contact tip structures are fabricated within the trench (see below), a reflow 
technique (using heat) may be used to mount the contact tip structures onto 

is 

^ interconnection elements. During reflow, the lead (material 508) will melt and ball up, 

j|15 since tungsten (material 506) is not wettable with respect to lead. This causes the 

Jl3 contact tip structures to be released from the sacrificial substrate 502. Optionally, a 



second layer (not shown) of non-wettable material (e.g., tungsten) can be applied over 



layer 508, and will become part of the resulting contact tip structure unless removed (e.g.. 



by etching). Further, another layer of material which will ball up when heated (e.g., lead, 



20 indium) can be applied over the second layer of non-wettable material (e.g., tungsten). 



Any residual lead on the surface of the resulting contact tip structure is readily removed, 



or may be left in place. Alternatively, a layer of a "barrier" material can be deposited 



between the second layer of material which will ball up and the first layer of the fabricated 




contact tip structure. The "barrier'' material may be tungsten, silicon nitride, molybdenum, 
or the like. 

Once layers 506 and 508 are .dfeposited, a masking material 510 (illustrated in 
Figure 5C), such as photoresist, is applied to define a plurality of openings for the 
5 fabrication of tip structures. The openings in the masking layer 510 define a region 
around the trenches 504. First, a contact Vnetal 512 is deposited, typically having a 
minimum thickness of approximately 0.5 mil. \This contact metal may be deposited by 
sputtering, CVD, PVD, or plating. In one embodiment of the present invention, the 
contact metal 512 is comprised of Paliadium-Cobi^lt. Other materials may also be used 
^;10 for contact metal 512, including but not limited to, mlladium, rhodium, tungsten-silicide, 
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tungsten, or diamond. Next, layer 514 comprised V)f a spring alloy material (such as 
nickel and its alloys) is optionally deposited (such as by plating) to crease the bulk of the 
tip structure. Layer 514 typically has an approximate thpckness of 0 - 2 mils. Over layer 
514, a layer 516 is deposited comprising a material amenable to brazing or soldering, in 
15 the event that the spring alloy is not easy to bond, solder or braze to. The spring alloy 
layer 514 is deposited by any suitable means such as platingAsputtering, or CVD. Finally, 
a Au-Braze joining layer 516 is deposited. The Au-Braze la\er is specific to an AuSn 
braze attach. 




I Next, as illustrated by Figures 5D and 5E, the masking material 510 is stripped 

20 (removed), along with that portion of the layers (506 and 508) which underlies the 
masking material 510, resulting in a plurality (one of many shown) of tip structures (520 
and 520a) having been fabricated upon the sacrificial substrate 502. Figure 5D shows a 
first embodiment of a tip structure 520 of the present invention having a blade 522 that 



extends the entire length of the foot of the tip structure 520. Figure 5E shows a second 
embodinnent of a tip structure 520a of the present invention having a blade 522a that 
extends along a potion of the foot of tip structure 520a. Tip structure 520a also has a 
back portion 521 wherein the blade 522a does not extend through the foot of the tip 
structure 520a. The two alternate embodiments of tip structures 520 and 520a serve the 
same function in providing an electrical contact with the terminal of an electronic 
component under test, but provide different surfaces for coupling the tip structure 520 and 
520a to an interconnection element. 

Figure 5F and 5G illustrate the mounting of the tip structures 520a shown in Figure 
1^10 5E to raised interconnection elements 530 extending (e.g., free-standing) from 

■vial 

corresponding terminals (one of many shown) 532 of an electronic component 534. 
Figure 5F shows a side view of mounted tip structures 520a and Figure 5G shows a front 
view of mounted cantilever tip structures 520. The interconnection element is coupled to 
the foot of the tip structure 520a along the back portion 521 of the tip structure 520a 
where the blade 522a does not extend and the surface of the foot of the tip structure 
520a is flat. The pre-fabricated tip structures 520a is mounted to the tips (top, as shown) 
of the interconnection elements 530, in any suitable manner such as brazing or soldering. 

Figure 5H illustrates the mountira-^of the tip structure 520 shown in Figure 5D to 
raised interconnection elements 530 extending (e.g., free-standing) from corresponding 
20 terminals (one of many shown) 532 of an electronic component 534. In this embodiment 
of the present invention, the solder past^ or brazing material used to mount the tip 
structure 520 to the interconnection element 530 is positioned within the divot 523. The 
end result is a mounted tip structure similar to that illustrated in Figures 5F and 5G, with 
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the interconnection element affixeb^to the divot 523 rather than a flat back section (see 
521 of Figure 5F). Using the divot\formed when fabricating the blade 522 aids in 
positioning the solder paste or brazing material and provides a more reliable method of 
forming the mechanical connection between tl\ interconnection element 530 and the foot 
of the tip structure 520. 

The raised interconnection elements 530 can be any free-standing interconnection 
elements including, but not limited to, composite interconnection elements, and 
specifically including contact bumps of probe membranes (in which case the electronic 
component 534 would be a probe membrane) and tungsten needles of conventional 
10 probe cards. The interconnection element may be formed lithographically or through a 
bonding and plating operation as in U.S. Patent 5,476,211. The raised interconnection 
elements, although typically resilient and providing a spring-like motion, may also be rigid 
posts. Note that the shape of the resilient element to which the tip structures are attached 
will affect the wipe characteristic (i.e., the horizontal movement of the tip structure across 
^5 the surface of the terminal contact of the device under test) in probing. External forces, 
I such as machine-controlled movement, may also affect the wipe characteristic. Thus, the 
interconnection elements may be designed to optimize a desired contact behavior. 

Figures 51-K illustrate another technique 550 of employing tip structures, wherein 
the tip structures are provided with their own raised contacts (interconnection elements) 
20 prior to being mounted to terminals of an electronic component. This technique 
commences with the same steps of forming trenches 504 in a surface of a sacrificial 
substrate 502, applying a field layer 506, applying an optional brazing layer 508, and 
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applying a masking material 510 with openings defining the locations and shapes of the 
resulting tip structures. Compare Figures 5A-5C above. 

In a next step, as illustrated by Figures 51-J (Figure 51 is a side view and Figure 5J 
is a front view), a freestanding interconnection element 552 is mounted to the back end 
portion of the tip structure 530. Then, with use of a masking layer 510, a layer of hard 
(springy) material 554 is deposited over the tip structure (and, optionally, another layer 
such as 516 which is brazeable, see above). The masking layer 510 is stripped, and the 
tip structure 570 can be mounted to terminals 582 of an electronic component 584, by 
soldering or brazing the tips of the free-standing interconnection elements 552 to 
terminals 582, as indicated by the solder fillet 586. Note that in the alternate mounting 
technique shown in Figures 51-K, the coupling step (typically soldering or brazing) occurs 
when coupling the interconnection element to an electronic component, wherein with the 
first mounting technique described in Figures 5A-H, the coupling step joins the tip 
structure to the interconnection element. In other words, when contrasting the two 
mounting techniques, the coupling step of soldering or brazing is performed on opposite 
ends of the interconnection element. 

In these examples, the interconnection elements 520 and 570 are illustrated as 
being composite interconnection elements having spring shapes, but it should clearly 
be understood that the invention is expressly not limited thereto. In either case (500, 
550) the result is that an electronic component (534, 584) is provided with a plurality of 
free-standing interconnection elements (530, 552) extending from terminals thereof, the 
tips (free ends) of the free-standing interconnection elements 520 being provided with 
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tip structures having a surface texture which is imparted (defined) during the process of 
fabricating the tip structures on the sacrificial substrate 502. 

It is evident from the preceding descriptions that the interconnection elements 
alone (530, 552 (i.e., 552 overcoated by 554)) need not be resilient. Resilience may be 
5 provided by the ability of the cantilever tip structures (520, 570) to deflect in response to 
making a pressure connection with another electronic component (not shown) because 
the tip structures 504 are disposed along a cantilever beam. Preferably, the freestanding 
interconnection elements 520 are much stiffer than the cantilever beams, so that the 
contact force resulting from a pressure connection can be well defined and controlled. 
JqIO In any cantilever beam arrangement, it is preferred that one end of the cantilever 

£0 be "fixed" and the other end "movable". The cantilever beam may serve as a foot for a tip 
Structure or a foot of a prefabricated tip structure may be mounted onto a separately 
fabricated beam. In this manner, bending moments are readily calculated. Hence, it is 
rj evident that the elongate interconnection elements (530, 552) are preferably as rigid as 
jQl5 possible. (In the case where the interconnection elements (530) are contact bumps on a 
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^l membrane probe, resiliency is provided by the membrane (534), itself.) However, it is not 
entirely inapposite that the elongate interconnection elements are implemented as 
composite interconnection elements, such as the composite interconnection elements 
discussed above, which will contribute to the overall deflection of the tip structures in 
20 response to pressure connections being made to (by) the tip structures. 

Alternative Embodiments Utilizing the Present Invention 
The cross-section of the tip section blade as discussed above is triangular. 
However, other cross-sections may also be used. For example, a truncated pyramid 





could easily be fabricated in a similar manner to that described above. Note also, that a 
tip structure initially fabricated to have a sharp edge blade along the length of the tip 
structure will often become flat-topped as it wears with use. This "flat-top" results in a 
cross-section very similar to a truncated pyramid. A tip structure having a truncated 
5 pyramid cross-section still maintains the benefits of a parallel oriented blade outlined 
above. 

Different embodiments of the parallel oriented blade of the present invention may 
have different front and back edges. For example, in some instances, the blades may 
have rectilinear edges (i.e. edges that are perpendicular to the tip structure) such as the 
IJlO blade 522 being fabricated in figure 5D. Figure 6A shows an alternate blade 600 with 
|rt pyramidal front and back edges 602. On blade 600, the front and back edges 602 are 
^! at an angle larger than 90° from the foot of the tip structure 604. A second alternate 

•err ^ 

blade 610 having a diamond shape is illustrated in Figure 6B. Blade 610 is formed by 

ll performing a KOH etch at 45° relative to the primary axis of the lattice and then defining 
h^^5 the photo resist etch widow as having 6 sides (or as having a hexagonal shape). This 
^ results in a tip structure 614 having a diamond shape blade 610 on its top surface. 

There are many other alternative embodiments that benefit from the numerous 
advantages provided by the parallel oriented blade of the present invention. For 
example, more than one blade 700 may be fabricated on a tip structure, as shown in a 
20 top view of tip structure 702 in Figure 7A. This embodiment would be particularly useful 
for probing controlled collapse chip connection (C4) solder balls or other spherical 
structures. 





Another variation of the embodiment of the present invention having two or more 
blades fabricated on a single foot is shown in Figure 7B. Figure 7B is a front view of a 
tip structure 714 showing two blades 710 joined by a bridge 712, and having an 
included stand-off 716. Additionally, with multiple blades formed on a tip structure, the 
5 pre-determined pitch between blades would be particularly useful with spherical probing 
having a fine pitch. 

Figure 7C is a side view of a third embodiment of the present invention having 
two or more blades fabricated on a single foot. On tip structure 724, two blades 720 
are placed in a juxtaposed position and share a common trench 722 having a stand-off 

£1 

:|310 height of H. The juxtaposed blades 720 are particularly useful in situations for fine pitch 
0 applications with contact surfaces in close proximity. 

2^ Another embodiment utilizing the present invention is a multi-height blade such as 
blade 800 shown in FIG. 8A and 8B. Blade 800 has a primary blade 802 toward the 
- front edge of the tip structure 806, and a trailing blade 804 toward the back of the tip 
Q15 structure 806. The blade 800 may be formed using a masking process wherein the 
W mask surrounding the shorter, trailing blade 804 provides a smaller hole such that the 
trench etch by the KOH etch is shallow, and the mask surrounding the taller, front blade 
provides a larger hole such that the trench etch by the KOH etch is deeper and the 
blade 806 will be taller. 

20 The present invention may also be used with the conventional Cobra style 

probes, a partial view of which is shown in Figure 9A. Cobra style probes utilize pre- 
bended contact wires 906 positioned vertically and maintained by two guide plates 908 
and 910. The perforated guide plates 908 and 910 hold and direct the wires 906. The 




Cobra style probes suffer from the restriction that the contact geonnetry is determined 
by the use of round wire, and that the contact metallurgy is that of the spring itself. Use 
of transferred tip structures of the present invention yield a controlled geometry, 
decoupling contact, and spring metallurgy. Thus, it is advantageous to affix the tip 
5 structures 900 to the ends of the contact wires 906. The guide plates 908 and 910 will 
then direct both the contact wires 906 and the tip structures 900 with parallel oriented 
blades 902 of the present invention affixed thereto across the terminals of an electronic 
component under test. In this manner, various embodiments of the present invention 
may be used in conjunction with Cobra style probes to provide a more reliable electrical 



3*10 connection between the Cobra style probes 906 and the terminal of the electrical 



Alternatively, Figure 9B illustrates another embodiment of the present invention 
^'"^ having parallel oriented blades 912 at the ends of contact wires 906. In the same 
g manner as described previously with respect to Figure 2D, the blades 912 may be 
>|15 formed at the end of the contact wires 906 by, for example, a plating or machining 



process. Thus, the contact wires 906 have a blade tip or "chiseled head" 912 without 
the use of a transferred tip structure. Note also, that each of the alternative 
embodiments discussed above and below in reference to Figures 6A, 6B, 7A, 7B, 7C, 
8A, and 8B may be modified for use with a blade (such as blade 912) formed at the end 
20 of an interconnection element that does not use a transferred tip structure. 

Although the preferred embodiment of the present invention has the sharpened 
blade of the tip structure oriented such that the length of the blade is substantially 
parallel to the horizontal movement of the tip structure as the tip structure deflects 



component under test. 
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across the surface of the terminal of the electronic component under test, an alternative 
embodiment orients the blade such that the length of the blade is positioned at a slight 
angle off parallel. For example, one embodiment may encompass a blade oriented at 
an angle such that the length of the blade is within approximately 45° of the axis parallel 
to the horizontal movement of the tip structure as the tip structure deflects across the 
surface of the terminal of the electronic component under test. Ideally, the blade(s) will 
be at an approximate ±30° angle to the parallel oriented axis. Thus, this embodiment is 
able to provide a modified scraping motion across the surface of the terminal under test 
while minimizing the amount of buildup accumulating along the blade 800. 

Equipment for probing often includes an aligning feature. Such aligning 
equipment may comprise optical sensors using light beams to detect the reflection off 
the tip structures. Each of the above described embodiments may be further improved 
to include a blade design having a better reflection. More reflective blades and/or tip 
structures would provide a method for automatic recognition for classification and 
alignment purposes (e.g., alignment operations performed automatically in a wafer 
prober). The reflective ability of a blade is dependent on a flat upper surface at the tip 
of the blade (i.e. a blade having a cross-section of a truncated pyramid). The amount of 
reflection is controlled by controlling the length of time the initial trench (i.e. the trench 
used to form the blade) is etched, such that the trench does not come to a sharp point 
at its tip. Another method of controlling the amount of reflection per blade involves 
inserting reflow glass in the bottom of the trench before depositing the aluminum and 
copper layers. The glass at the tip of the trench softens the edge (or tip) of the blade 
and results in a blade having a cross-section similar to a truncated pyramid. 
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Alternatively, the blade tips could be made having a sharpened edge in the manner 
described above with the sharpened edge then sanded (or grinded) down such that the 
blade has a flat top edge that is reflective. Both of these alternative methods of 
creating a reflective blade are easy to incorporate into the manufacture process 

Thus, an apparatus and method providing improved interconnection elements 
and tip structures for effecting pressure connections between terminals of electronic 
components is described. The sharpened blade oriented on the upper surface of the tip 
structure such that the length of the blade is substantially parallel to the direction of 
horizontal movement of the tip structure as the tip structure deflects across the terminal 
of an electronic component under test provides numerous advantages over the prior 
art. The substantially parallel oriented blade allows the tip structure of the present 
invention to slice cleanly through any non-conductive layers on the surface of the 
terminal and effect a reliable electrical contact without damaging the surface of the 
terminal or acquiring particle buildup along the surface of the blade. Further, the 
parallel orientation of the blade of the present invention maximizes contact between the 
tip structure and the terminal such that electrical contact is not lost as the tip structure 
deflects across the terminal, even with terminals having smaller contact areas. 
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